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The purpose of this study was to examine 
microsclerotial development, which includes conidia 
germination and melanization, in a wild-type strain of 
Verticillium dahliae. Techniques of phase contrast and 
electron microscopy were used. The cultures were grown 
in a medium which allowed synchronous development of 
microsclerotia and harvested at 1, 2, 3, 4, 5, 8, 10 and 
16 days. Metabolic inhibitors were used to study their 
effects on conidiation, microsclerotial development and 
melanization. These inhibitors were cycloheximide, 
chloramphenicol, benomyl and tricyclazole. 
The results of this study indicate that certain 
metabolic requirements must be met before microsclerotial 
m 
development will proceed. Lipid accumulation appears to 
be a metabolic requirement that must be met before normal 
microsclerotial development will occur. As demonstrated 
with the metabolic inhibitors, if its accumulation is 
inhibited other processes do not occur, such as the 
rounding up of the hyphal cells and melanization. 
Studies with inhibitors of protein synthesis, such as 
cycloheximide and chloramphenicol support this idea. It 
is suggested that the accumulation of lipid is inhibited 
as a result of these agents' inhibitory effects on 
synthesis of various cellular enzymes. The tricyclazole 
study indicated that melanization is a continual process 
which tricyclazole could inhibit even in melanized 
cultures. Benomyl appeared to have been interfering with 
cellular mitosis because the morphology and connection 
between the budding cells were altered. 
These results suggest that further studies should 
be carried out in order to determine what specific 
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Each year several million dollars are lost in 
damages to agricultural food crops. About 70% of this 
loss is caused by fungi. Fungi are also the causative 
agents for many human diseases such as jock itch (Tinea 
cruris ) and many forms of ring worm in man (Taschdjian 
and Muskatblit, 1955). 
Fungi are believed to have appeared during the 
early evolution of the earth. Their evolutionary 
development has led to a wide variety of habitats and 
morphological forms. Despite the diversity among fungi, 
most have simple nutritional requirements consisting of 
mineral salts, carbon, and nitrogen sources. These 
simple requirements allow fungi to exist as either 
saprophytic or parasitic types. 
Verticillium dahliae is a member of the form- 
class Fungi Imperfecti. The fungi in this form-class are 
characterized by the absence of an observed sexual phase 
in their life cycle (Wolfe and Wolfe, 1947, as cited in 
Harris, 1976). Previous studies on dahliae produced 
information on its pathogenicity, genetics, physiology, 
and cytology. Although there have been many attempts to 




V. dahliae reproduces by producing unicellular 
conidia which germinate to develop a filamentous hyphal 
form. Elongation of the hypha, as in other filamentous 
fungi, occurs at the tip, thus extending the length of 
the hypha. As older hyphal regions are established, the 
cells become specialized. These specialized structures 
which are called microsclerotia (MS) are considered to be 
survival structures (Schrieber and Green, 1962) and 
sites for genetic variability (Tolmsoff, 1972). Both 
survival and genetic variation play vital roles in the 
pathogenicity of V_;_ dahliae. Since dahliae is a soil- 
borne pathogen, the fungus must survive the adverse 
conditions of the soil. Genetic variability is another 
means of assuring survival of the species. 
In an attempt to control this fungus, a great 
deal of attention has been focused upon the MS stage of 
this pathogen. Prior to 1967, studies on the structure 
of MS had been confined to light microscopic techniques 
(Gordee and Porter, 1961; Schnathorst, 1965; Isaac, 
1967), except for the electron microscopic (EM) 
observations of Nadakavukaren (1963). Brown and Wyllie 
(1969) performed an ultrastructural study on this fungus 
with cultures grown on agar plates. Since then, many 
ultrastructural studies have been carried out on 
microsclerotial development in Verticillium (Wright and 
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Abrahamson, 1970; Griffiths, 1971; Ellis and Griffiths, 
1974). These investigators had to contend with the 
problem of viewing many different stages of 
microsclerotial development at the same time. Tolmsoff 
provided a solution to the problem of heterogeneity when 
he developed a liquid medium containing 
polygalacturonate, which promotes the synchronous 
development of MS (Wheeler et al., 1976). The use of 
this medium allows for the study of many MS cells, 
displaying similar stages of development. Since then 
several investigators have carried out ultrastructural 
studies on cellular changes associated with MS production 
in synchronous cultures (Wheeler et al., 1976; Mayfield 
et al., 1977; Mayfield and Taylor, 1978; and Gaskins and 
Mayfield,1979). 
After the mid 70's, many investigators turned 
their attention to studying factors that enable the MS of 
V. dahliae to survive for long periods in the soil. The 
most prominent of these factors is the appearance of 
melanin in and around the MS outer wall (Wheeler et al., 
1976; Tokousbalides and Sisler, 1979; Wheeler and 
Stipanovic, 1979; Stipanovic and Wheeler, 1980). 
An important discovery was made in 1976 when 
Bell and his associates (Bell et al.) isolated a series 
of mutants varying in their ability to produce normal 
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melanin-containing MS. Such mutants have proven to be 
ideal for studying the process of melanin production and 
the association between melanin production and MS 
formation in dahliae. In 1979, Gaskins and Mayfield 
reported ultrastructural studies of the cytoplasmic 
organization of these mutants. These mutants have been 
used by other investigators to study the process of 
melanization in dahliae (Wheeler et al., 1976, 1978). 
In another study in 1979, Tokousbalides and Sisler used 
tricyclazole, an inhibitor of melanin synthesis in 
melanin producing strains, along with these mutants to 
study melanization in Vj_ dahliae. Tricyclazole at 8 
pg/ml inhibits the reduction of 1, 3, 8 - 
trihydroxynaphthalene to vermelone, resulting in an 
enhanced accumulation of intermediates of the melanin 
pathway. The use of tricyclazole along with these 
mutants could be a great tool for obtaining further 
knowledge of the melanin pathway (Tokousbalides and 
Sisler, 1979). 
The present investigation is a continuation of a 
previous study that was aimed at comparing the wild-type 
(melanin-producing) strain of dahliae with the albino 
and brown mutants, which exhibited alterations in melanin 
synthesis. The techniques of electron microscopy, phase 
contrast microscopy and fluorescent microscopy were used 
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to analyze MS and their organelles at cellular and sub- 
cellular levels. 
In the original study it was determined that 
microsclerotial development in the microsclerotial 
mutants was similar to that of the normal melanin 
producing strain (wild-type). It was also suggested that 
the albino mutant and the wild-type had an enzyme system 
which was either absent or altered in the brown mutant. 
These results suggested that a more in-depth study should 
be carried out on this fungus and its microsclerotial 
mutants. 
In the present study, the wild-type strain of V. 
dahliae was grown in polygalacturonic acid medium to 
allow for observations of the processes of conidial 
germination, microsclerotial development and 
melanization. The techniques of phase contrast 
microscopy and electron microscopy were utilized to 
observe the changes that occurred during microsclerotial 
development. Cytochemical techniques were used to 
examine the proposed melanin-mediating organelles in the 
wild-type strain of dahliae. Along with these, 
experiments were conducted in which inhibitors of several 
cellular activities were used in order to determine 
whether these activities were pertinent to 
microsclerotial development. These inhibitors were 
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eyeloheximide (which inhibits cytoplasmic protein 
synthesis), chloramphenicol (which inhibits mitochondria 
protein synthesis), benomyl (which has been reported to 
inhibit the assembly of microtubules), and tricyclazole 
(which inhibits melanization in Verticillium). 
CHAPTER II 
REVIEW OF LITERATURE 
Verticillium dahliae, an imperfect fungus that 
produces unicellular conidia as its primary mode of 
reproduction, forms thick-walled melanized microsclerotia 
(MS) cells, which function as survival structures. The 
genus Verticillium was established in 1816 by Nees von 
Esenbeck (Schnathorst, 1973). Verticillium was first 
isolated from potatoes in 1879 by Reinke and Berthold who 
named it albo-atrum. In 1913, V^ dahliae was isolated 
from diseased dahlia plants by Klebahn. He concluded 
that V^_ dahliae was different from Reinke and Bertholds' 
V. albo-atrum and deserved species rank. He also 
suggested that the principal difference between the two 
fungi was the abundant production of MS by V^ dahliae and 
their absence in cultures of V_^ albo-atrum. 
Presley (1941) did not accept specific rank for 
these two fungi on the basis of some of the other 
reported works, as well as his own studies on the 
variants derived from single spores of the MS form. He 
suggested that most of the forms in the genus were merely 
variants of albo-atrum and should be designated as 
such. He also felt that if it is accepted that VJL alko- 
atrum forms dark mycelial colonies and that V. dahliae 
7 
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forms abundant MS, both of these types were obtainable 
from a monosporic culture of the microsclerotial form. 
Isaac (1949), working with a dark mycelial (DM) 
isolate, suggested that it was the same one that Reinke 
and Berthold described. He also presented evidence that 
three distinct and constant fungal identities can be 
distinguished by morphological, physiological and 
pathological criteria. He concluded that whatever rank 
is given to the microsclerotial and dark mycelial forms, 
the differences remain constant and they are two distinct 
organisms or groups of organisms. Isaac proposed that 
the name V^ albo-atrum be used to designate the dark 
mycelial species and that dahliae be used for the 
microsclerotial form. 
There have been many other studies designed to 
resolve the problem of spéciation. Some of these 
attempts were made by Fordyce and Green (1963) in their 
study of mechanisms of variation in Verticillium albo- 
atrum; Smith (1965) in a study of the morphology of V. 
albo-atrum, V. dahliae and tricorpus; and Schnathorst 
in 1973 in a study of serological relationships among 
several Verticillium spp. and their virulence in cotton 
plants. The overall results of these studies suggest 
that the most meaningful criteria for separating 
Verticillium £££_^ are morphology and certain 
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physiological traits outlined by Isaac (1949, 1953), and 
that V^_ albo-atrum and dahliae are the valid, 
respective names of the (DM) and (MS) forms. 
Current investigators tend to divert their 
attention away from spéciation and concentrate more on 
features like the life cycle (Tolmsof, 1972; Puhalla and 
Mayfield, 1974), morphology (Brown and Wyllie, 1969; 
Griffith, 1971) and the metabolic processes such as 
melanogenesis (Bell et al., 1976; Stipanovic and Bell, 
1977; Wheeler et al., 1978; Tokousbalides and Sisler, 
1979). The life cycle has probably received the greatest 
deal of attention. In spite of this attention, the life 
cycle has not been elucidated. An understanding of the 
life cycle has met with many failures due to the number 
of technical problems associated with its relatively 
small cell size and dense hyphal growth pattern. These 
problems have greatly impeded research efforts and 
produced controversial conclusions with light and phase 
contrast microscopy. 
V. dahliae normally grows as a mycelial form on 
agar plates, extending the colony's diameter by a process 
of elongation at the hyphal tip (Mayfield et al., 1977). 
Progressing from the hyphal tip into older hyphal 
regions, there is a decrease in the length of the hyphal 
cells. Fusions between adjacent hyphae are observed 
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about 1- 2 mm behind the colony front (Puhalla and 
Mayfield, 1974). These hyphal fusions seem to serve as a 
mechanism of heterokaryosis between hyphae which contain 
nuclei of genetically different origins and possibly in 
the production of MS (Tolmsoff, 1972; Tolmsoff et al., 
1973). Occurring about 2-5 mm from the colony front, is 
a region of freguent conidiation. Conidia are produced 
in rapid succession on verticil late-arranged 
conidiophores (Mayfield et al., 1977). Beyond this 
region, the hyphal cells become shorter and exhibit an 
increase in diameter. These cells are MS initials which 
give rise to MS located just behind this region. 
Mayfield and Taylor (1978) performed 
ultrastructural observations of microsclerotial cells at 
2, 3, 4, 5, 10 and 20 days after inoculation. They were 
unable to find any significant changes in ultrastructure 
after five days, except for thickening of the cell wall. 
So, their ultrastructural results were from 2-4 day-old 
cultures, with the most emphasis placed on the third day. 
As reported by Mayfield and Taylor (1978), the 3 
day-old cultures were characterized by the presence of 
vacuoles and small lipid granules. As development 
continued the lipid granules increased in size and number 
while mitochondria exhibited alterations such as the 
absence of cristae in portions of the mitochondria. By 
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using 3, 31-diaminobenzidine, cytochrome oxidase activity 
was demonstrable only in mitochondrial regions with 
intact cristae. The disappearance of cristae in the 
mitochondria coincides with the appearances of single 
membrane-bound granular vesicles which appear similar to 
the peroxisomes described in other fungi (Todd and Vigil, 
1972) and plant material (Frederick and Newcomb, 1969). 
These vesicles have not been reported in any other 
structure (hyphae or conidia) of dahliae. 
Observations suggest that the appearance of altered 
mitochondria within microsclerotia coincides with the 
appearance of the peroxisome-like vesicles. 
Microsclerotia have been reported to contain many 
other organelles, including endoplasmic reticulum, nuclei 
and ribosomes (Smith, 1965; Brown and Wyllie, 1970; 
Tolmsoff et al., 1973). These large, globose, budding 
structures are characteristics of older hyphal regions 
in Vj_ dahliae where they are believed to function as 
survival structures (Schrieber and Green, 1962) and as 
sites of genetic variation (Tolmsoff, 1972). 
As survival structures the MS of V_;_ dahliae must 
remain in the soil during adverse growth conditions. The 
sclerotia of other soil-borne phytopathogenic fungi, such 
as S^ roif sii, have achieved a degree of notoriety 
because it is these structures which often account for 
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the prolonged viability of the pathogens in the absence 
of their hosts (Blair, 1943). Bloomfield and Alexander 
(1967) demonstrated that the dark hyphae of solani and 
Cladosporlum spp., both of which possess significant 
amounts of melanin, were not found to be suitable as sole 
carbon and energy sources for any soil microorganism. 
Likewise, sclerotia containing a melanin-rich rind and 
conidia containing melanin-rich spicules on their outer 
surfaces were not lysed, whereas digestion did occur when 
the external pigmented material was removed from the 
spores. Potgieter and Alexander (1966) have already 
shown that R^ solani, although possessing glucose-rich 
walls, was largely unaffected by B-(l-3) glucanase and 
chitinase. Melanin has also been implicated in 
protecting fungal cells from damage by irradiation and 
desiccation (Zhdanova and Pokhodenko, 1973). 
As many have observed (Durrell, 1964; Bull, 1970; 
Griffiths and Campbell, 1971; Ellis and Griffith, 1974), 
a close relationship often exists between melanin 
synthesis and the genesis of certain structures or 
tissues. In the case of Verticillium, melanin synthesis 
is related to the development of thick-walled MS cells. 
In most isolates of this fungus, near-uv irradiation 
(3200-4000 A) retards melanin synthesis as well as 
microsclerotial development (Brandt, 1964). MacMillan 
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and Brandt (1966) demonstrated in their laboratory that 
an isolate of Verticillium was particular sensitive to 
near-uv irradiation. Cultures grown in darkness were 
black with MS while those reared in near-uv irradiation 
were white and devoid of MS. They could, however, induce 
melanin to form, in spite of the near-uv irradiation, by 
administering catechol after growth had proceeded for 
several days (Brandt, 1965). 
This treatment also induced MS formation. They 
therefore suggested that a study of the enzyme system 
which initiates melanin synthesis from catechol might 
help elucidate the basis for development of MS. In their 
preliminary study they used laccases, monophenol oxidases 
and polyphenol oxidases, which are the usual enzymes that 
initiate melanin synthesis. This study indicated that 
these enzymes were either present in small amounts or 
absent in Verticillium. Manometric assays at different 
physiological stages of growth also failed to disclose 
any strong phenolase system (MacMillan, 1964). There 
was, however, an abundance of pigment when catechol, 
Dopa, or p-phenylenediami.ne was added with manganese and 
hydrogen peroxide to crude enzyme extracts from 
Verticillium. From these results MacMillan and Brandt 
(1966) concluded that a peroxidation probably initiates 
most melanin synthesis in Verticillium. 
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Ellis and Griffiths (1974) concluded that melanin 
from Vh dahliae was indolic. This characterization was 
based mainly on a positive reaction of the alkali fusion 
products of melanin with Ehrlich's indole reagent. 
Indole melanins are biosynthesized from tyrosine or Dopa 
by tyrosinase, and usually contain 8-10.5% nitrogen 
(Thomas, 1958). Heale and Isaac (1964) found that 
tyrosine was not involved in synthesis of melanin in V. 
albo-atrum. Gafoor and Heale (1971) further found that 
purified melanin of albo-atrum contained 1.9% or less 
nitrogen. Thus, neither catechol nor DOPA appears to be 
involved directly in melanin synthesis by albo-atrum 
or dahliae. 
Bell et al., (1976) have recently isolated a 
series of mutants which exhibit different deficiencies in 
melanin biosynthesis. One of the brown mutants which 
produces brown MS instead of the usual black, accumulates 
a substance which enables an albino MS mutant to produce 
M S with the characteristic black pigmentation. The 
melanin-inducing substance has been isolated and 
characterized as (t)-scytalone (3, 4-dihydro-3, 6, 8- 
trihydroxy-1(2H) naphthalenone) (Bell et al., 1976). The 
purified compound can be converted to melanin by albino 
mutants of dahliae as well as by albino mutants of 
several other fungal species (Bell et al., 1976). Bell 
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et al. (1976) therefore suggested that scytalone is a 
natural intermediate of the melanin pathway in V. 
dahliae. They also isolated scytalone in trace amounts 
from media in which the wild-type was grown. They 
suggested that scytalone was found in these cultures 
because the wild-type did not consume all of it during 
the process of melanization. Melanin has never been 
isolated from the culture media; it has been found only 
in and around the outer cell walls (Brown and Wyllie, 
1970; Ellis and Griffiths, 1974). 
The mechanisms of extracellular melanin 
deposition in fungi are not known. Griffiths (1970) 
suggested that in V^_ dahliae, melanin granules are 
extruded from living hyphal cells into the surrounding 
fibrillar material, but he provided no evidence for this 
process. Wheeler et al. (1976) presented results which 
indicated that melanin was formed extracellularly in 
association with the fibrillar network, resulting in a 
dense screen of granules held in place by fibrils. They 
have found no evidence for cytoplasmic synthesis of 
melanin from scytalone or for migration of melanin 
granules. Their observations support the conclusions by 
Bell et al. (1975) that ( + )- scyt alone is a natural 
intermediate of melanin synthesis in dahliae. They 
suggested that scytalone diffuses from the inside of the 
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cell out to the sites of final conversion. At the 
extracellular sites, melanin is formed and deposited as 
granules that grow to a maximum diameter of about 0.1 pm 
(Bell et al., 1975). 
The synthesis of these granules can be inhibited 
by using a fungicide known as tricyclazole (Tokousbalides 
and Sisler, 1979). Tricyclazole is a systemic agent 
which controls rice blast disease caused by the fungus 
Pyricularia oryzae (Floyd et al., 1976, 1978). This 
compound does not control other diseases of rice and, in 
fact, it is not known to control other fungal diseases of 
plants. It has been used as a tool for the study of 
melanin biosynthesis in this fungus and other fungi that 
utilize pentaketide metabolites as intermediates (Wheeler 
and Stipanovic, 1979). It has been demonstrated that 
melanin is synthesized in dahliae via the polyketide 
pathway (Bell et al., 1976; Stipanovic and Bell, 1976, 
1977) . 
The melanin pathway in dahliae, as proposed by 
Tokousbalides and Sisler (1979), is as follows: 1, 3, 6, 
8-Tetrahydroxynaphthalene is reduced to scytalone which 
is dehydrated to 1, 3, 8-trihydroxynaphthalene. 1, 3, 8- 
Trihydroxynaphthalene is then reduced to vermelone which 
is dehydrated to 1, 8-dihydroxynaphthalene. 1, 8- 
Dihydroxynaphthalene is then enzymatically polymerized to 
17 
melanin. Tricyclazole inhibits melanin biosynthesis at 
two of these sites (Tokousbalides and Sisler, 1979). The 
primary site is the enzymatic reduction of 1, 3, 8-THN to 
vermelone. The secondary or less sensitive site is the 
enzymatic reduction of 1, 3, 6, 8-THN to scytalone. 
Blockage at these sites mimicked the effects of the brm-2 
and brm-4 mutations (Bell et al., 1976) and caused the 
same accumulation of melanin intermediates and the shunt 
products of the brown mutants (Stipanovic and Bell, 
1977). In the case of the tricyclazole-treated cultures 
as well as with the brown mutants, these intermediates 
are released into the media (Tokousbalides and Sisler, 
1979), whereas melanin is translocated out to the outer 
cell walls of the microsclerotial cells where it is 
localized (Wheeler et al., 1976). 
Investigators such as Bell et al. (1975) and 
Wheeler et al. (1976) have studied the translocation and 
localization of melanin in and around the cell walls of 
V. dahliae. The exact mechanism of melanin translocation 
and localization is not known (Wheeler et al., 1976), 
although melanin or its intermediates could be 
transported through the cytoplasm by way of microtubules 
(Byers and Porter, 1977). Luby and Porter (1980) worked 
with erythrophores of Holocentrus ascensionis and 
presented data to support the hypothesis of Byers and 
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Porter (1977) that microtubules aid in the process of 
pigment translocation. In many other cell types, 
secretory processes have been assumed to be dependent on 
cytoplasmic microtubules (MT) because of the observed 
inhibition of secretion by drugs that disrupt 
microtubules (Howard and Aist, 1977; Reaven and Reaven, 
1977; Knudson et al., 1978). 
Antimicrotubular agents, such as colchicine, 
colcemid, vinca alkaloids, etc., have been used to 
establish a possible role for cytoplasmic microtubules in 
exocytotic processes in a variety of eukaryotic cell 
types - except fungi. It appears that fungal tubulin has 
little or no affinity for these standard antimitotic 
agents (Baum et al., 1978; Davidse and Flach, 1977). The 
effects of methyl benzimidazo.le-2-ylcarbamate (MBC), one 
of only a few agents that is active against MT of fungi, 
was analyzed at the ultrastructural level in freeze- 
substituted hyphal tip cells of Fusarium acuminatum. The 
active moiety of the widely used fungicide MBC is bound 
by tubulins of various fungi (Davidse and Flach, 1977; 
Baum et al., 1978). It exhibits, as do most of the 
antimicrotubule drugs, a high affinity for tubulin and 
appears to specifically affect MT integrity in vivo. 
Davidse and Flach (1977) suggested that MBC 
effects on MT were by way of inhibiting their assembly. 
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Observations of Howard and Aist (1980), using 1 ng/ml of 
MBC, suggested that there were different rates of 
turnover for cytoplasmic microtubules in apical and 
subapical cells and for MT near spindle pole bodies and 
that MBC acts by i nhibiting MT assembly. Their 
observations also suggested that MBC interfered with 
mitochondria orientation. At high concentrations, they 
demonstrated that MBC caused a metaphase arrest of all 
mitoses (Howard and Aist, 1977). The inhibition of cell 
division by the carbamate group may be a secondary 
effect; carbamates are known to disorient MT involved in 
spindle formation (Banerjee and Margulis, 1969). 
In the last 15 years, several benzimidazole 
compounds have been introduced as fungicides, with 
benomyl being the most commonly used one (Delp and 
Klopping, 1968). In recent years considerable attention 
has been given to the mechanism of action of these 
compounds. Benomyl and its conversion product, 
carbendazim or methyl benzimidazol-2-ylcarbamate (MBC), 
interfere with mitosis in fungi (Hammerschlag and Sisler, 
1973), plants (Seiler, 1975), and mammalian cells in vivo 
(DeBrabander et al., 1976). 
Although the biological activity of these 
benzimidazole compounds is probably based on interference 
with the formation or functioning of MT, which are 
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present in all eukaryotic cells, eukaryotes are not 
equally sensitive to each benzimidazole compound. 
Benomyl and MBC partly owe their success as systemic 
fungicides to a relative nontoxicity to plants and 
animals. There are however, differences within fungi in 
sensitivity to these compounds. For instance, fungi 
belonging to the Ascomycetes are sensitive, whereas 
others belonging to the Oomycetes are resistant (Bollen, 
1971). In addition to natural resistance to benomyl and 
MBC, resistant strains of naturally sensitive species are 
frequently found in sprayed crops. In the laboratory 
such strains can be readily obtained by mutagenic 
treatment (Dekker, 1973). The molecular basis of 
selectivity of these benzimidazole compounds is yet 
unknown, although Gardner et al. (1974) suggested that 
the differential uptake or metabolism may be responsible 
for the relative nontoxicity of benomyl and MBC to 
animals and plants. 
Benomyl has been used by various investigators to 
study its effects on fungal development. For example, 
Richmond and Pring (1971) described the cytological 
changes that were induced in germinating conidia of 
Botrytis fabae by treatment with benomyl as seen in both 
chemically fixed sections and freeze-etched replicas. 
They showed that conidia of B. fabae germinated in the 
21 
presence of sublethal concentrations of benomyl to 
produce swollen and distorted germ tubes which branched 
more frequently than those of normal conidia. They also 
noted that the orientation of organelles towards the 
hypha.1 tip was disorganized in the germ tubes. They 
suggested that the effects of benomyl were fungistatic in 
that when spores that had been completely inhibited from 
germination in benomyl were placed in fresh media, they 
germinate normally (Richmond and Pring, 1971). 
After a careful review of the literature, it has 
been determined that an extensive study should be carried 
out to examine the processes of conidia germination, 
microsclerotial development and melanizat.ion in 
Verticillium dahliae. Therefore, in this study, phase 
contrast and electron microscopy were used to examine the 
changes that took place during MS development in V. 
dahliae. The results of an earlier study in this 
laboratory indicated that a detailed study of the 
mitochondria of dahliae should be carried out in order 
to determine the functional state of altered 
mitochondria. Chloramphenicol, an inhibitor of 
mitochondrial protein synthesis was used to examine the 
role played by mitochondria in microbody formation. 
Chloramphenicol was also used to answer the question of 
whether mitochondrial protein synthesis is needed for MS 
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development and melanization. Along with this, various 
inhibitors were used to study their effects on conidia 
germination, microsclerotial development and 
melanization. These inhibitors were benomyl, which has 
been reported to inhibit microtubule formation in fungi; 
eyeloheximide which inhibits cytoplasmic protein 
synthesis, and tricyclazole which inhibits melanization 
in V. dahliae. 
CHAPTER III 
MATERIALS AND METHODS 
The wild-type (t9) strain of dahliae was used 
in this study. It was obtained from Dr. J. E. Puhalla of 
the National Cotton Pathology Research Laboratory, 
College Station, Texas. Stock cultures were maintained 
on potato dextrose agar (PDA), prepared by the 
rehydration of 39 g of dehydrated PDA (Difco) in 1000 ml 
of distilled water. The medium was autoclaved for 20 min 
at 15 psi. It was then poured into disposable 
polystyrene Petri dishes while still hot to reduce 
contamination. Upon solidification, the dishes were 
inoculated under sterile conditions with sections from 
the peripheral regions of the colony. 
Polygalacturonic acid medium (PGAM) was used for 
synchronous production of microsclerotia (Wheeler et al., 
1976). Polygalacturonic acid medium contained steam- 
warmed sodium polygalacturonate solution, 40 ml; agar 
(Difco), 2 g; KH2P04, 52 mg; K2HP04, 65 mg; MgS04/7H20, 
20 mg; yeast extract (Difco), 120 mg; peptone (Difco), 
200 mg; and glucose, 70 mg/per liter. Polygalacturonic 
acid medium was dispensed in 50 ml quantities into 250 ml 
Erlenmeyer flasks and autoclaved at 15 psi for 30 min. 
The PGAM was inoculated with hyphal tip regions from 
selected regions of the PDA plates. Once inoculated, the 
23 
24 
flasks were placed on a Lab-Line Orbit Environ Shaker 18 
and agitated constantly at 150 rpm at room temperature 
(24-28 C). 
Phase Contrast Microscopy 
Wet mounts of conidia and MS initials were 
prepared by placing a drop of PGAM culture suspension 
onto a clean microscopic slide with a sterile Pasteur 
pipette. The microscopic samples were prepared and 
viewed 1-10 days after inoculation. All wet mount 
preparations were observed through a Wild Phase Contrast 
Microscope equipped for photography. Determinations of 
the conidial concentration were made by using a 
hemocytometer. Conidial counts were made at 24-hour 
intervals from day 1 through day 10. 
Transmission Electron Microscopy 
Hyphae and MS were harvested at 1-16 days from 
either PGAM cultures or PDA plates overlaid with 
cellophane. Using the PGAM cultures, MS and intermediate 
stages were poured into centrifuge tubes and centrifuged 
for 15 min to obtain pellets. Afterwards the supernatant 
was discarded and the remaining cells were then washed 3 
times, each followed by centrifugation and discarding of 
the supernatant. Each step outlined below was followed 
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by centrifugation and discarding of the supernatant 
before proceeding to the next step. 
Using a procedure described by Dr. H. H. 
Mollenhauer (personal communication), MS were fixed in 3% 
glutaraldehyde in 0.05 molar (M) sodium cacodylate buffer 
(pH 7.4) for 10-15 min at room temperature, then fixed 
for an additional 10-15 min in chilled 3% glutaraldehyde. 
Microsclerotia were post-fixed using cold 2% OsO^ in 
0.05M cacodylate buffer (pH 7.4) for 2 hr. The cells 
were then washed for 1 hr in cold distilled water with at 
least 10 changes and stained in 0.5% uranyl acetate for 
30 min - 24 hr. The MS were washed in 3 changes of 
distilled water prior to dehydration. They were 
dehydrated in a graded series of alcohol to absolute 
acetone. The graded series included 50% ethanol; 70% 
ethanol; 95% ethanol; and 100% acetone. The cells were 
then infiltrated for 30 min - 24 hr in a mixture of 
acetone-Spurr's medium (1:1), followed by embedding in 
Spurr's (1969) low viscosity resin. The resin was 
polymerized in Beem capsules at 65 C for 24 hr. Thin 
sections were cut on a LKB Bromma-Ultramicrotome with a 
diamond or glass knife, and collected on uncoated 300 
mesh copper grids. Sections were stained in 0.5% uranyl 
acetate and lead citrate (Reynolds, 1963), and were 
viewed with a RCA-EMU4 electron microscope operating with 
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an accelerating voltage of 50 or 100KV. 
Application of Benomyl 
Polygalacturonic acid medium was prepared 
containing various concentrations of benomyl to determine 
the effects of benomyl on conidia development and 
germination which lead to MS formation. The 
concentrations of benomyl used were 1 part per million 
(ppm), 0.75 ppm, 0.3 ppm, 0.1 ppm and 0.01 ppm. Benomyl 
was acquired in a powdered form as a 50% benlate powder. 
A 250 ml flask containing 50 ml of 1 ppm benomyl in PGAM 
was poured and inoculated with 1 X 10^ conidial/ml of T9. 
Another 250 ml flask containing 50 ml of PGAM without 
benomyl was inoculated as above and used as a control. 
Similar experiments were carried out with the other 
concentrations of benomyl. The cultures were grown for 
10 days. Phase contrast microscopic observations were 
made at 1-10 days. Conidia and MS were fixed for 
electron microscopic studies on the third and fifth day. 
Application of Tricyclazole 
In order to determine if tricyclazole inhibits 
melanin synthesis, forty-two pM of tricyclazole were 
added to 1 liter of PDA. After autoclaving the 
trieye1azole-containing PDA, plates were poured and 
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allowed to cool. Control plates which contained PDA only 
were also poured and allowed to cool. The wild-type 
strain of V_^ dahliae was inoculated onto control and 
experimental plates. These were incubated at room 
temperature for up to 10 days. 
Once it was determined that tricyclazole 
inhibited melanization and induced the release of 
scytalone into the medium, cultures were then grown in 
PGAM for MS observations. Samples of conidia and MS were 
taken and fixed at 3, 5, 8 and 10 days for electron 
microscopy and phase contrast microscopy as previously 
described. 
Inhibitors of Protein Synthesis 
Several concentrations of cycloheximide were 
applied to conidial suspensions in PGAM. The 
concentrations of cycloheximide were 1 X 10“^M, 1 X 10- 
^M, 1 X 10"^M, 1 X 10-^M and 1 X 10“^M. Cycloheximide 
was used to determine whether protein synthesis was 
necessary in order for microsclerotial development to 
occur. Once inoculated with conidial suspensions of T9, 
flasks were incubated for 10 days. Samples were taken at 
3, 5, 8, and 10 days, and fixed for phase contrast and 
electron microscopy. Conidia counts were also made daily 
to determine the effects of cycloheximide on conidiation. 
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Chloramphenicol was used as previously described 
for cycloheximide. It was used to determine if the 
synthesis of mitochondrial proteins is needed for MS 
development. The concentrations of chloramphenicol were 
1 X 10-4M, 1 X 10-3M, 1.5 X 10_3M and 2 X 10“3M. 
CHAPTER IV 
RESULTS 
PHASE CONTRAST MICROSCOPY 
Experiments were carried out using different 
concentrations of several inhibitors. Conidia of 
Verticillium dahliae were germinated and grown in flasks 
containing 50 ml of PGAM. A conidia suspension 
containing 1 X 10^ conidia/ml was added to each flask, 
yeilding 2 X 10 ^ conidia/ml as the final inoculum 
concentration. These flasks were incubated over a 10-day 
period. During this time, conidia which germinated to 
produce MS were studied with phase contrast and electron 
microscopic techniques. Over this ten-day period 
conidia enlarged followed by germination (Fig. 1). 
Small, enlarged and germinating conidia can also be seen 
in Fig. 1. Some conidia began to develop conidiophores as 
they elongated. This type of development preceded the 
appearance of young MS which occurred around the third 
day (Fig. 2). As microsclerotial development proceeded, 
the cells enlarged to become globose. During this time, 
there was an accumulation of lipid as suggested by the 
presence of lipid granules (Fig. 3). As lipid 
accumulation continued, the cellular organelles were 
pushed toward the cell wall. Melanin, which initially 
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Fig. 1 Germination and growth of conidia 
in PGAM. 
A - enlarged conidia, the first 
sign of microsclerotial 
development in PGAM. xl0,400 
B - enlarged conidium issuing a 
germ tube (GT). xl0,400 
C - small (s), enlarged (E), and 
germinating conidia (G). 
x4,160 
D - a conidiophore (Co). 
Note a conidium (c) being 
produced. xl0,400 
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Fig. 2. The appearance of a young 
microsclerotia, which occurs on the 
third day. x10,400 
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Fig. 3. Microsclerotia development in PGAM. 
x4,160 
A - after 3 days of incubation. 
B - after 5 days of incubation. 
Note the accumulation of lipid 
granules (L) in A and B while 




appeared around day-4, can readily be seen on the fifth 
day. 
The Effects of Benomyl 
Polygalacturonic acid medium was used to study 
the effects of benomyl on conidia germination and MS 
development. Flasks of PGAM, containing 2 X 1 0 ^ 
conidia/ml of T9, were incubated with various 
concentrations of benomyl over a 7-day period. Benomyl 
was used at concentrations of 1 ppm, 0.75 ppm, 0.30 ppm, 
0.1 ppm and 0.01 ppm in PGAM. Conidia! concentrations 
were determined with a hemocytometer at 24-hr intervals 
and compared with conidia in flasks which contained only 
PGAM. After 24 nr (1 day) of incubation, the PGAM flask 
contained 1.6 X 10^ conidia/ml (Table 1), while the 1 
ppm, 0.75 ppm, 0.30 ppm, 0.1 ppm and 0.01 ppm benomyl 
flasks contained 0, 8.0 X 10^, 8.0 X 10^, 9.0 X 10^ and 
1.0 X 10^ conidia/ml, respectively. At this time, 0.01 
and 0.1 ppm benomyl had the least inhibitory effect on 
conidiation. After 2 days, the concentrations were 0, 
3.0 X 106, 3.8 X 106, 4.1 X 106, 3.8 X 106 and 5.8 X 106 
for 1, 0.75, 0.30, 0.1, 0.01 ppm benomyl and the PGAM 
only, respectively. During the first 48 hr the 
concentrations of conidia in the medium were similar in 
all treatments except in 1 ppm of benomyl (Fig. 4). 
After 24 hr, the highest concentration of conidia (1.6 X 
Table 1. Production of conidia in different concentrations of benanyl during 7 days incubation 
in PGAM. 
Days following Concentration of benomyl and number of conidia/ml of medium 




CO X 105 8.0 X 105 9.0 X 105 1.0 X 106 1.6 X 106 
2 0 3.0 X 106 3.8 X io6 4.1 X io6 3.8 X io6 5.8 X 10
6 
3 0 4.9 X 
O
 
•—1 4.4 X io6 1.5 X 107 1.0 X 107 1.4 X io7 
4 0 5.1 X 106 5.2 X io6 1.7 X io7 1.8 X 
7 
10 2.6 X io7 
5 0 5.3 X 
6 
10 5.5 X 106 1.8 X io7 2.1 X io7 5.7 X 
7 
10 
6 0 6.3 X 
6 
10 6.0 X 106 2.0 X 107 2.0 X io7 3.2 X 
7 
10 
7 0 6.8 X 
6 
10 7.5 X 10b 2.1 X io7 2.3 X 107 4.3 X 107 


















105) was observed in PGAM without benomyl, while the 
lowest concentration (8.0 X 10^) was observed in both 0.3 
ppm and 0.75 ppm of benomyl (Table 1). Even though the 
values were very similar, they were proportional to the 
concentration of benomyl in that as the concentration of 
benomyl increased the concentration of conidia showed a 
decrease. There were no detectable conidia in those 
treated with 1 ppm. After 72 hr (3 days) the 
concentrations of conidia in PGAM, 0.01 and 0.1 ppm 
benomyl continued to be similar and failed to show any 
further increase. Conidia concentrations for 0.3 and 
0.75 ppm of benomyl were very similar at 72 hr (4.4 X 10^ 
and 4.9 X 10^ conidia/ml, respectively) and showed only a 
slight increase from that of 48 hr. As with the two 
lower concentrations of benomyl and PGAM, there was no 
further appreciable increase in conidial concentration at 
later time periods. There was a noticeable distinction 
between the effects of the two lower and two higher 
benomyl concentrations at 7 2 hr. Over the same span of 
time there was no conidiation by cultures grown in 1 ppm 
benomyl. Cultures grown in 0.01 ppm benomyl produced 
conidia at a rate comparable to that of the cultures 
grown in PGAM. The cultures grown in 0.75, 0.3 and 0.1 
ppm demonstrated a sharp drop in conidiation up to day 1. 
From day 1 to day 2 there was a sharp increase in 
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conidiation in these three concentrations. After day 2, 
the cultures grown in 0.1 ppm conidiated at a rate that 
paralleled that of the culture grown in 0.01 ppm. On the 
other hand, the cultures grown in 0.75 ppm and 0.3 ppm 
benomyl demonstrated only a gradual increase in 
conidiation after 2 days. 
These results indicated that the lower 
concentrations of benomyl allowed T9 cultures to 
conidiate at a rate comparable to those grown in PGAM. 
On the other hand, the higher concentrations of benomyl 
allowed T9 cultures to produce only a limited amount of 
conidia. The highest concentration of benomyl used, 1 
ppm, inhibited conidiation. At this concentration, the 
original conidia germinated but no new conidia were 
produced. Phase contrast observations indicated that 
these conidia germinated much slower than those grown in 
PGAM only. Many of the conidia never completed 
germination, while the ones that germinated were altered 
in their germination process (Fig. 5). Some germ tubes 
were crooked and twisted, others were branched, while 
some conidia issued two germ tubes from the same end of 
the conidium. A representation of a normal germinating 
conidium which was germinated in PGAM can also be seen in 
Fig. 5. All other concentrations of benomyl allowed for 
the germination of conidia which resembled those grown in 
PGAM. 
Fig. 5. Conidial germination after 1 day of 
incubation. x4,160 
A - in 1 ppm benomyl. 
B - in PGAM only. 
Note that A has only old- 
germinating conidia (gc) while 




A phase contrast micrograph of a five-day-old MS 
developed in PGAM can be seen in Fig. 6. The cells have 
become globose with lipid globules and melanin can be 
observed around these globose cells. There appeared to 
be less melanin produced in MS grown in 0.75 ppm benomyl 
(Fig. 6). On the other hand, cultures that were grown 
in 1 ppm benomyl were not globose and did not exhibit 
lipid accumulation. There was no melanin produced and 
the cells were much smaller than those grown in PGAM 
(Fig. 6). 
The Effects of Chloramphenicol 
Polygalacturonic acid medium was used to study 
the effects of chloramphenicol on conidial germination 
and development. Flashs of PGAM, containing 2 X 104 
conidia/ml of T9, were incubated in various 
concentrations of chloramphenicol (2 X 10“^M, 1 X 10~^M 
and 1 X 10_4M) over a 10-day period. Conidial 
concentrations were determined with a hemocytometer at 
24-hr intervals and compared to a control which did not 
contain chloramphenicol. After 24 hr (1 day) of 
incubation, the control contained 1.6 X 10^ conidia/ml 
while 2 X 10~^M, 1 X 10“^M and 1 X 10-4M chloramphenicol 
contained 8.0 X 10^, 1.1 X 10^ and 8.8 X 10^ conidia/ml, 
respectively (Table 2). After 2 days, the concentrations 
were 1.0 X 106, 1.2 X 107, 7.0 X 106 and 5.8 X 106 
Fig. 6 Microsclerotial development. 
x4,160 
A - after 5 days of incubation in 
PGAM. 
Mote the melanized cells (at 
the arrow). 
B - after 5 days of incubation in 
benomyl (0.75ppm). 
Note the melanized cells (at 
the arrow). 
C - after 3 days of incubation in 
benomyl (1 ppm). 
Note the small hyphal cells (at 
the arrow). 
D - after 8 days of incubation in 
benomyl (1 ppm). 
Note the size of the cells and 
the absence of lipid 
accumulation. 
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Table 2. Production of conidia in different concentrations of chloraitphenicol during 10 days 
incubation in PGAM. 
Days following Concentration of chloramphenicol and number of conidia/ml of medium 
Inoculation 2 x 
-3 
10 M 1 X 
-3 
10 M 1 X 
-4 
10 M PGAM only 
1 8.0 X 105 1.1 X 106 8.8 X io5 1.6 X 106 
2 1.0 X io6 1.2 X 
7 
10 7.0 X 106 5.8 X 106 
3 6.2 X 106 1.5 X 107 1.3 X 107 1.4 X 10
7 
4 1.5 X 107 1.7 X 107 3.0 X io7 2.6 X 107 
5 2.5 X 107 1.9 X 107 2.6 X io7 5.7 X io7 
6 2.1 X io7 1.8 X 107 2.3 X 107 3.2 X 107 
7 2.3 X 107 2.4 X 107 2.6 X 107 4.3 X 107 
8 2.4 X io7 2.0 X io7 2.0 X 107 2.9 X 107 
9 2.0 X io7 2.0 X 107 2.1 X 107 3.0 X 107 
10 1.9 X io7 2.1 X io7 2.0 X 107 2.9 X io7 
These numbers represent the averages of three flasks 
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conidia/ml for 2 X 10~3M, 1 X 10-3M, 1 X 10_4M and the 
PGAM only, respectively. 
Chloramphenicol was observed to have the greatest 
influence on conidiation during the first four days of 
incubation (Fig. 7). During the first two days of 
incubation, 1 X 10~3M of chloramphenicol appeared to 
enhance condiation in that 1.2 X 10^ conidia/ml of medium 
(Table 2) was observed with no appreciable increase 
beyond this time. Cultures grown in PGAM and 1 X 10-4M 
chloramphenicol, as compared to those grown in 1 X 10-3M 
chloramphenicol did not reach similar conidial 
concentrations (1.4 X 10^ and 1.3 X 10^ conidial/ml, 
respectively) until the third day. Only the higher 
concentration of chloramphenicol (2 X 10-3M) suppressed 
conidiation during the first four days. Conidiation in 
this concentration of chloramphenicol reached that of 
those in the PGAM, 1 X 10_4M and 1 X 10_3M 
chloramphenicol by the fourth day. An increase in 
conidia concentration was observed in this concentration 
of chloramphenicol up until the fifth day. 
These observations suggested that the overall 
effects of chloramphenicol on conidiation was minimal. 
It was also noted that chloramphenicol had little or no 
effect on early development of MS. Although, 


















about 2 days. Melanin appeared in MS grown in PGAM by 5 
days, but MS grown in chloramphenicol (2 X 10~^M) did not 
produce melanin at 5 days (Fig. 8). These MS produced 
melanin between the seventh and eighth-day, which could 
not be distinguished from that produced by cultures grown 
in PGAM. 
An experiment was carried out to determine if 
there was a critical time at which administration of 
chloramphenicol would have its greatest effect on MS 
development. This experiment consisted of 3 flasks of 
PGAM which were labelled 1, 2 and 3. Chloramphenicol 
(1.0 ml of 2 X 10“^M) was added to flask 1 at the time of 
inoculation. There was no chloramphenicol added to flask 
2 while 1.0 ml of chloramphenicol was added to flask 3 at 
the time of inoculation and every day afterwards up to 10 
days. The flask containing 2 X 10 M chloramphenicol 
delayed melanization by 2 days while flask 1 which was 
void of chloramphenicol, had no effect on melanin 
synthesis. The daily application of chloramphenicol to 
flask 3 completely inhibited melanization over the entire 
ten-day period. These observations indicated that 
chloramphenicol was not delaying melanization but it was 
inhibiting it. 
The Effects of Cycloheximide 
Polygalacturonic acid medium was used to study 
Microsclerotial development after 6 
days of incubation. x4,160 
A - in PGAM only. 
B - in chloramphenicol (2 X 10-^M). 
Note the accumulation of lipid (L) 
in A and B while melanized cells 
(at the arrow) appear only in A. 
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the effects of cycloheximide on conidia germination and 
M S development. Flasks of PGAM, containing 2 X 104 
conidia/ml of T9, were incubated with various 
concentrations (1 X 10"4M, 1 X 10"5M, 1 X 10"6M, 1 X 10" 
7 M, 1 X 10~^M) of cycloheximide over a 10-day period. 
Determinations of conidia were made daily with a 
hemocytometer and compared to a control which did not 
contain any cycloheximide. After 24 hr of incubation the 
control flask (PGAM only) contained 1.6 X 10^ conidia/ml, 
while 1 X 10"4M, 1 X 10"5M, 1 X 10"6M, 1 X 10"VM and 1 X 
10~^M cycloheximide contained 5.8 X 10^, 6.8 X 10^, 1.1 X 
10^, 1.8 X 10^ and 1.8 X 10^ conidia/ml, respectively 
(Table 3). 
During the first 72 hr, the concentrations of 
conidia in the media which contained low concentrations 
of cycloheximide (1 X 10"^M, 1 X 10"^M, 1 X 10"®M) were 
similar to that of cultures grown in PGAM only (Fig. 9). 
The higher concentrations of cycloheximide (1 X 10_4M, 1 
X 10"-*M), at 24 hr, had a noticeable difference in 
coni dial concentration (5.8 X 1 0 and 6.8 X 1 0 ^ , 
respectively) as compared to that of cultures grown in 
PGAM only (1.6 X 10^ conidia/ml). After 48 hr, cultures 
in the highest cycloheximide concentration (1 X 10"4M) 
had produced more conidia (1.2 X 10^ conidia/ml) than 
those incubated in 1 X 10"^M cycloheximide (7.1 X 10^ 
Table 3. Production of conidia in different concentrations of cycloheximide during 10 days 
incubation in PGAM. 
Days following Concentration of cycloheximide and number of conidia/ml of medium 
Inoculation 
1 X 10-4M 1 X 
-5 
10 M 1 X 10 6M 1 X 10 7M 1 X 
—8 
10 M PGAM only 
1 5.8 X 105 6.8 X 10 5 1.1 X L0r> 1.8 X 106 1.8 X 106 1.6 x 106 
2 1.2 X io6 7.1 X 105 8.0 X 106 5.3 X 1Û6 5.8 X io6 5.8 x 106 
3 1.6 X io6 1.3 X 
6 
10 1.2 X 
6 
10 2.5 X 107 3.7 X !07 1.4 x 107 
4 3.5 X 10J 1.2 X 
7 
10 1.5 X 
7 
10 3.5 X 
7 
10 2.9 X 
7 
10 2.6 x 107 
5 4.8 X io5 7.0 X 
6 
10 3.6 X 
7 
10 2.2 X io7 4.8 X 107 5.7 x 107 
6 3.0 X 105 9.0 X 106 3.5 X 107 3.0 X 1Û7 4.5 X io7 3.2 
7 
x 10 
7 0 1.2 X io7 3.1 X io7 3.7 X 107 3.4 X io7 4.3 x 107 
8 0 7.2 X io7 4.2 X io7 3.5 X io7 3.9 X io7 2.9 
7 
x 10 
9 0 8.8 X 106 3.5 X 107 3.2 X io7 4.0 X 107 3.0 x 107 
10 0 1.8 X 107 2.2 X 107 3.3 X io7 3.9 X 107 2.9 x 107 
»s>. 
-a 
These numbers represent the averages of three flasks. 
Fig. 9. The effects of different 
concentrations of cycloheximide on 
conidiation in PGAM. The 
concentrations were distinguished 
as follows ($#####1 X 10"4M, 
10-5M, 
* c 
1 X 10 A 
******* 1 X 10-7M, AWWWWV1 X 10 



















conidia /ml). By 72 hr 1 X 1 0 - 4 M and 1 X 1 0 5 M 
cycloheximi.de had about the same amount of conidia (1.6 X 
10® and 1.3 X 10®, respectively), which was still much 
lower than those grown in PGAM only. The concentrations 
of conidia at 96 hr in the medium were similar in all 
treatments except in 1 X 10-4M cycloheximide. After 96 
hr, the concentration of conidia in all treatments except 
1 X 10~^M and 1 X 10~®M showed no appreciable 
differences. The concentration of conidia in 1 X 10“^M 
cycloheximide was slightly lower than that in PGAM only 
over the next 120 hr, but by 10 day (240 hr) it had 
produced a similar concentration of conidia. After 72 
hr, there were no conidia produced in 1 X 1 0 “ 4 M 
cycloheximide. The conidia concentration in this 
treatment decreased daily until day 7 (168 hr), after 
which no conidia could be detected in the medium. 
These results indicated that low concentrations 
of cycloheximide allowed conidia to germinate and produce 
conidia at a rate comparable to that of cultures grown in 
PGAM, while high concentrations of cycloheximide such as 
1 X 10-4M and 1 X 10“®M have adverse effects on 
, , , __ r: , 
conxdiation. Cultures grown m 1 X 10 M cycloheximide 
produced conidia at a rate comparable to those grown in 
PGAM after the initial inhibitory effect had worn off. 
For those cultures grown in 1 X 10_4M cycloheximide, the 
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inhibitory effect was never overcome and conidiation 
failed to occur after 3 days. 
Cycloheximide concentrations of 1 X 10~^M and 1 X 
10-^M not only affected conidiation but also had effects 
on microsclerotial development. The other concentrations 
did not have any effects on microsclerotial development. 
In 1 X 10~^M cycloheximide, conidia germinated followed 
by conidiation up to day-3, but microsclerotial 
development did not take place. Although microsclerotial 
development occurred in 1 X 10 M cycloheximide, there 
was a reduced effect on it (Fig. 10). 
The micrographs of T9 incubated in PGAM 
indicated that by the third day, MS had accumulated many 
lipid granules within these cells which made them globose 
or rounded, while T9 incubated in cycloheximide (1 X 10~ 
5M) did not accumulate lipid granules and appeared 
relatively elongated (Fig. 10). At day-5, cultures 
incubated in PGAM showed that MS had accumulated melanin 
around their cell walls (Fig. 10). When the culture 
incubated in cycloheximide (1 X 10“^M) was observed at 
day-5, it was noted that these cells had become globose 
and filled with lipid granules but no melanin (Fig. 10). 
Melanin was, however, produced in these cultures by the 
ninth day, which could not be distinguished from that 
produced by cultures incubated in PGAM only (Fig. 11). 
Fig. 10. Microsclerotial development. 
x4,160 
A - after 3 days of incubation in 
cycloheximide (1 X 10 ^M). 
Note the hyphal (H) size and 
the absence of accumulated 
lipid. 
B - after 3 days of incubation in 
PGAM. Note the globose cells 
(at the arrows) and the 
accumulation of lipid (L). 
C - after 5 days of incubation in 
PG A.M. Note the presence of 
melanized ceils at the arrows. 
D - after 5 days of incubation in 
cycloheximide (1 X 1 0 “M ) . 
Note the accumulation of lapid 
granules (L) but the absence of 
melanin. 
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Fig. 11. Microsclerotial development, 
xl,040 
A - after 9 days of incubation in 
cycloheximide (1 X 10“^M). 
B - after 9 days of incubation in 
PG AM. 
C - after 10 days of incubation in 
cycloheximide (1 X 10-^M). The 
cycloheximide was replenished 
daily. 
Note the presence of melanized 
cells (at the arrows) in A and B, 
while C exhibits only a few globose 




Therefore, cycloheximide (1 X 10~^M) probably affected 
microsclerotial development by delaying melanization. On 
the other hand, its effects on microsclerotial 
development could be a complete inhibition of melanin 
synthesis, but once the cycloheximide is diluted out 
melanin synthesis is resumed. An experiment was carried 
out to examine this idea. This experiment consisted of 3 
fl.asks which were marked 1, 2 and 3. Flask 1 contained 
PGAM only while 1 ml of cycloheximide (1 X 10~^M) was 
added to flask 2 only. One ml of cycloheximide (1 X 10“ 
C ... 
M) was added at the time of inoculation and everyday 
afterwards up to 10 days to flask 3. A conidial 
suspension containing 1 X 10^ conidia/ml was added to 
each flask which was incubated for 10 days. 
The results of this study indicated that 
cycloheximide (1 X 10~~*M), if added daily, inhibited 
accumulation of lipid and melanin synthesis. In Figure 
11, a micrograph of a 10-day-old MS that was grown in 
cycloheximide can be seen. This micrograph indicates 
that lipid accumulation was drastically reduced, while 
melanization was completely inhibited. 
The Effects of Tricyclazole 
Polygalacturonic acid medium was used to study 
the effects of tricyclazole on conidia germination and 
microsclerotial development. Flasks of PGAM, containing 
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2 X 10^ conidia/ml of T9, were incubated with 8 pg/ml of 
tricyclazole over a 10-day period. Determinations of 
conidia were made daily with a hemocytometer and compared 
to a control which did not contain tricyclazole. The 
results of this study indicated that the basic mode of 
conidiation in tricyclazole-treated PGAM and PGAM only is 
the same. 
Since it is known that tricyclazole blocks 
melanization between 1, 3, 8-THN and vermelone 
(Tokousbalides and Sisler, 1979), an experiment was 
carried out to determine if there was a critical day at 
which tricyclazole could be added to inhibit 
melanization. This experiment consisted of 7 flasks 
which were labelled control, tricyclazole (0), 
tricyclazole (1), tricyclazole (2), tricyclazole (3), 
tricyclazole (4) and tricyclazole (5). All flasks were 
inoculated with 1 X 10^ conidia/ml. The control 
contained only PGAM while the one labelled tricyclazole 
(0) received 8 ug/ml of tricyclazole at day 0. These 
were allowed to incubate for 6 days. During this time, a 
1 ml suspension of tricyclazole was added to each of the 
other 5 flasks. The number on the flask determined which 
day the tricyclazole was administered. At day-4, the MS 
of the culture incubated in PGAM only started turning 
black. The black pigment could readily be seen on day-5 
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(Fig. 12). The media of all flasks receiving 
tricyclazole, except the flask labelled tricyclazole (5), 
had turned brown by day-5 (Fig. 13), while the MS of 
these flasks were almost hyaline (Fig. 14). The media in 
the flask labelled tricyclazole (5) turned brown within 
.12 hr after adding tricyclazole. The culture to which 
tricyclazole was added on day 4 contained MS that had 
slightly turned black (Fig. 14). This was because by 
day 4 some melanin had already formed. 
Transmission Electron Microscopy 
By means of electron microscopy, the T9 strain of 
V. dahliae was studied at 3, 5, 8, 10 and 16 days of 
growth in PGAM or PGAM containing inhibitors. At the 
third day of growth in PGAM, hyphal cells contained many 
mitochondrial profiles (Fig. 15). Some mitochondria 
appeared to have well organized cristae while others 
appeared to be almost devoid of cristae. The double 
membrane of a nucleus can be noted which is irregular and 
discontinuous at some points. Within the nucleus, 
chromatin material was observed while endoplasmic 
reticulum was observed in close proximity of its outer 
surface. Lipid granules began to accumulate on the third 
day. This was also the day at which single membrane- 
bound bodies appeared (Fig. 16). Polyribosomes and 
vacuoles were also observed. Figure 16 also exhibits a 
Fig. 12. 
Fig. 13. 
Microsclerotial development after 5 
days of incubation in PGAM. x4,160 
Flasks of PGAM containing 
microsclerotia which have been 
incubated for 5 days. Flask 0 
received tricyclazole (T) at the 
time of inoculation. Flask 1 
received (T) on the first day. 
Flask 2 received (T) on the second 
day. Flask 3 received (T) on the 
third day. Flask 4.received (T) on 
the fourth day. Flask 5 received 
(T) on the fifth day. Note that 
the media of all flasks except 
flask 5 exhibit a brown 
pigmentation. 
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Fig. 14. MicroscLerotial development. 
x4,160 
A - after 5 days of incubation in 
tricyclazole. 
B - after 4 days of incubation in 
PGAM followed by 1 day in 
tricyclazole. 
Note the absence of melanin in A, 
while its presence can be detected 
in B (at the arrows). 
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Fig. 15. Cross section of a hypha grown in 
PGA.M. Note the appearance of a lipid 
globule (L), nuclear membrane (NM), 
chromatin material (ch), mitochondria 
with intact cristae (m), mitochondria 
that are almost devoid of cristae 
(me) and endoplasmic reticulum at the 
arrow. xl02,000 
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Fig. 16. development in 
PGAM. 
A - after 3 days of incubation. 
Note mitochondria ( m ) , 
microbody (mb), vacuole (V), 
nuclear membrane ( n m ) and 
ribosomes (at the arrow). 
x300,000 
B - cells exhibiting a large 
vacuole (V), mitochondria (m) 
and small vacuoles (at the 
arrow). xl50,000 
C - after 5 days of incubation, 
xl50,000 Note lipid globules 




micrograph in which many small vacuoles are seen in 
close proximity to a larger vacuole. This observation 
suggested that they were budding off from the larger 
vacuole or the reverse could have been the case. 
Melanin granules were finally seen at the fifth 
day (Fig. 16). They appeared as coarsely granular 
electron-dense material which was found in and along the 
outer portions of the cell wall. There was also a large 
accumulation of lipid granules during this time which 
occupied the majority of the cytoplasmic regions of these 
cells. As these cells continued to age, the accumulation 
of more lipid was observed (Fig. 17). Mitochondria and 
other organelles were pushed to one side as a result of 
this lipid accumulation. 
The Effects of Benomyl 
Cultures grown in PGAM containing low 
concentrations of benomyl (0.75 ppm, 0.3 ppm, 0.1 ppm) 
produced MS which were similar to those grown in PGAM. 
When cultures were grown in a higher concentration of 
benomyl (1 ppm), cellular abnormalities occurred (Fig. 
18). The hyphal cells were different in that no intact 
mitochondrial membranes were observed. There was the 
apparent accumulation of intracellular membrane (Fig. 18) 
which was not present in the cells grown in PGAM (Fig. 
16). Ribosomes were not readily seen in these cells. 
Fig. 17. Microsclerotial development in 
PGAM. xl50,000 
A - after 8 days of incubation. 
Note the displaced mitochondria 
(M), large lipid globules (L), 
cell wall (cw), and melanin 
granules (at the arrow). 
B - after 16 days of incubation. 
Note the small mitochondria 
(m), cell wall (cw), lipid 
granules (L) and intercellular 
space (I). 
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Fig. 18. Hyphal cells incubated in benomyl. 
Note the intracellular membrane 
(IM) and hyphal cell size. x300,000 
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Microsclerotial cells were altered morphologically (Fig. 
19) as opposed to those grown in PGAM (Fig. 17). These 
cells did not exhibit the typical spherical morphology 
and their intercellular spaces (Fig. 19) appeared larger 
than those of cells grown in PGAM (Fig. 17). The 
cellular integrity appeared different with the 
accumulation of less lipid. The outer cell walls had a 
layer of amorphous material on their outer surfaces which 
did not appear on those grown in PGAM. Melanin was not 
observed in or along the outer surfaces of the cell wall. 
The Effects of Chloramphenicol 
Hyphal cells in 2 X 10“^M chloramphenicol (Fig. 
20) was observed to be similar to those grown in PGAM 
(Fig. 15). The cell walls appeared to be the same in 
both treatments. Lipid globules were present along with 
polyribosomes and endoplasmic reticulum. There were 
fewer mitochondria produced by cells grown in 
chloramphenicol. Mitochondria showed fewer cristae (Fig. 
20) and some even were devoid of cristae. Single and 
double membrane-bound bodies were more frequently. In 
Fig. 20 a vacuole can be seen which contains a lipid 
globule, many electron dense particles and a double 
membrane-bound body. The nuclear membrane was continuous 
and chromatin could be seen within the nucleoplasm. 
By the fifth day, cells grown in chloramphenicol- 
Fig. 19. Microsclerotia after 8 days of growth 
in 1 ppm benomyl. Note the 
appearance of a membrane structure 
which appears to be a nucleus (N), 
lipid globules (L), intracellular 
space (at the arrow) and amorphous 
material along the cell wall (A.). 
xl 50,000 
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Fig. 20. Microsclerotial development in 
PGAM containing 2x10 - ^M 
chloramphenicol. xl50,000 
A - cross section of a hyphal cell. 
Note the appearance of a single 
membrane-bound body (sb), a 
nucleus (N), a double membrane- 
bound body (db) and a vacuole 
(V) with an enclosed lipid 
granule (L), a double membrane- 
bound body and electron dense 
material (at the arrow). 
B - after 5 days of incubation. 
Note the lipid globules (L) and 
a single membrane-bound body (sb). 
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containing PGAM had become more globose (Fig. 20), as was 
the case for cells grown in PGAM (Fig. 16). Organelles 
were pushed to one side as a result of the accumulation 
of lipid granules. Single membrane-bound bodies were 
still present in these cells. On the fifth day, melanin 
granules were readily seen along outer surfaces of cells 
grown in PGAM (Fig. 16) while they were absent from the 
walls of cells grown in the presence of chloramphenicol 
(Fig. 20). Melanin did not appear along the walls of 
cells grown in chloramphenicol until day 8 (Fig. 21). 
The melanin was granular in appearance and resembled that 
of cells grown in PGAM only. 
The Effects of Tricyclazole 
Cultures grown in tricyclazole-containing PGAM 
were very similar to those grown in PGAM alone. By day 
5, there was a large accumulation of lipid (Fig. 21) 
which occupied most of the cell. The walls of the cells 
grown in tricyclazole-containing PGAM (Fig. 21) were 
thinner than the walls of those grown in PGAM alone (Fig. 
16). The cytoplasm of cells grown in the presence or 
absence of tricylazole was very similar. There were no 
melanin granules found in or along the outer portions of 
the walls of tricyclazole-treated cells at day-5 (Fig. 
21), as compared to cells grown in PGAM (Fig. 16) which 
exhibited melanin. 
Fig. 21. Microsclerotial development. 
xl50,000 
A - after 8 days of incubation in 
chloramphenicol (2 X 10“^M). 
Note the lipid globules (L) and 
melanin granules (at the arrow) 
along the cell wall. 
B - after 5 days of incubation in 
tricyclazole. Note the lipid 




The Effects of Cycloheximi.de 
Cultures grown in PGAM containing 1 X 10"^M 
cycloheximide contained mitochondria which exhibited 
intact cristae (Fig. 22). At the fifth day, lipid 
granules (Fig. 22) were observed which appeared much 
smaller than those found in cultures grown in PGAM (Fig. 
16). The organelles, such as mitochondria and nuclei, 
had not been pushed aside as was the case for those grown 
in PGAM. No granular melanin was present in these cells 
at the fifth day, whereas it could be detected along the 
walls of those grown in PGAM. There was an apparent 
difference in cell size. By the eighth day, those cells 
grown in the presence of cycloheximide had accumulated 
large lipid globules (Fig. 22). Still, no melanin could 
be detected along the cell walls. Melanin granules were 
finally detected at day-10 (Fig. 23). This melanin was 
similar to that of cells grown in PGAM (Fig. 16). At 
day-16, the cells had become heavily melanized and the 
cell walls had become much thicker (Fig. 23). Large 
lipid globules had accumulated and organelles such as 
mitochondria and nuclei were pushed to one side. 
The results indicated that cycloheximide could 
have been diluted out after 5-7 days, resulting in normal 
MS development, which includes lipid accumulation and 
melanization. Therefore, an experiment was carried out 
Fig. 22. Microsclerotial development in 
cycloheximide (1 X 10”^M). 
xl50,000 
A - after 5 days of incubation. 
Note the nucleus (N), lipid 
granules (L), mitochondria (m) 
and cell wall (cw). 
B - after 3 days of incubation . 
Note the large lipid globules 
(L) and mitochondria (m). 
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Fig. 23. Microscierotial development in 
cycloheximide (1 X 10-~’M) . 
xl50,000 
A - after 10 days of incubation. 
Note the appearance of melanin 
granules (at the'arrow) along 
the cell wall. 
B - after 16 days of incubation. 
Note the appearance of melanin 
granules Cat the arrow). 
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using daily dosages of cycloheximide in order to 
determine if they could completely inhibit the 
accumulation of lipid granules and melanization. Figure 
24 contains an electron micrograph of MS that had been 
incubated in PGAM to which 1 ml of cycloheximide (1 X 10~ 
5M) had been administered daily for 10 days. It can be 
seen that even though lipid granules had accumulated by 
day-10, melanization still had not occurred. There was a 
fibrillar network present around the outer cell wall, but 
there was no granular melanin present. These cells were 
also smaller in size than those grown in PGAM only. Even 
up to day-16, melanization still had not occurred 
although more lipid had accumulated (Fig. 24). 
Fig. 24. Microsclerotial developraent in 
cycloheximide (1 X 10~~’M)/ which 
was replenished daily. xl50,000 
A - after 10 days of incubation. 
Note the small lipid granules 
(L), the absence of melanin 
granules and the fibrillar 
network (F) along the cell wall 
(at the arrow). 
B - after 16 days of incubation. 
Note the presence of lipid 
globules (L), mitochondria (m), 
the fibrillar network (F) along 




The results presented in this investigation 
clearly demonstrate that metabolic inhibitors interfere 
with processes involved in microsclerotial development. 
When conidia were incubated in PGAM, they germinated 
within 24 hr to produce hyphal networks. These networks 
consisted of hyphal cells which began to synthesize lipid 
at 2 days of growth. The cells were globose with 
accumulated lipid granules by the third day. Around this 
time, they were considered as young MS, which continued 
to grow and synthesize more lipid. These MS also 
produced conidiophores which released conidia into the 
medium. As these cells continued to age more lipid was 
synthesized. Lipid has been reported as being the sole 
source of food for many fungi during adverse growth 
conditions (MacMillan, 1964; Van Etten et al., 1966). 
Therefore, it seems natural that a high level of lipid 
synthesis should take place during this time. 
Observations of the increasing size of lipid globules and 
the displacement of cytoplasmic organelles during early 
microsclerotial development suggest that most of this 
lipid was synthesized between the third and the eighth 
day. 
The appearance of single membrane-bound bodies 
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within 3-day-old microsclerotial cells as noted earlier 
(Gaskins and Mayfield, 1979) is considered to be 
important in microsclerotial development. These single 
membrane-bound bodies appeared around the same time that 
the microsclerotial cells became filled with lipid 
granules. Many investigators have suggested that these 
single membrane bound bodies are utilized in the 
metabolism of lipid (deDuve and Baudhuin, 1966; Novikoff 
et al., 1972; Kagawa and Beevers, 1975). It has been 
suggested by Gaskins and Mayfield (1979) that these 
single membrane-bound bodies could contain oxidizing 
agents which could be used to convert melanin precursors 
into melanin. In other organisms, peroxidases have been 
reported to mediate the oxidation of tyrosine to melanin 
(Patel et al., 1971; Okon et al., 1971). Melanin was 
seen ultrastructurally within walls of MS around the 
fourth day which is shortly after these microbodies were 
seen. MacMillan and Brandt (1966) demonstrated that 
pigment formation could be obtained by incubating 
catechol, Dopa or p-phenylenediamine with manganese and 
hydrogen peroxide in the presence of a crude enzyme 
extract from Verticillium. This led them to suggest that 
peroxisomes have oxidizing agents which can be utilized 
in the biosynthesis of melanin, although it has never 
been proven that peroxisomes play a role in melanization. 
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Since it has been suggested that microbodies play 
a role in lipid metabolism and also in melanization, it 
is possible for these two processes to be linked. In 
this case, peroxisomes would metabolize lipids which were 
to be utilized in the melanization process. Turian 
(1957) reported that the orange pigment produced in the 
sex organs of Allomyces was a lipid compound. Taber 
(1966), working with Schizophyllum commune, reported that 
during primary growth endogenous nutrients accumulated. 
Once these became limiting, the primary growth was 
stopped and secondary growth such as the development of 
sporophores and other metabolic processes began. In 
1968, McDowell and DeHertogh suggested that there existed 
a close relationship among sporulation, increased fatty- 
acid synthesis and de novo pigment synthesis in Endothia 
parasitica. 
All of these reports suggest that there is a 
close link between lipid accumulation and melanization in 
fungi. Results of the current study also support this 
idea. It was noted that lipid accumulation always 
preceded melanization. This observation along with 
others that melanization could be inhibited if lipid 
accumulation was inhibited, suggested that these two 
processes were closely linked. 
The cycloheximide studies indicated that .lipid 
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accumulation and the process of melanization were closely 
linked by demonstrating that if lipid accumulation was 
delayed or blocked, the process of melanization would be 
delayed or blocked. In light of these results and the 
fact that cycioheximide inhibits protein synthesis in the 
cytoplasm, it is suggested that the de novo synthesis of 
protein is necessary for melanization to occur. The 
observation that daily additions of cycioheximide was 
necessary to obtain complete inhibition rather than a 
delay indicated that protein synthesis is necessary 
throughout the entire development of microsclerotia. 
This suggested that the synthesis of vital proteins which 
could function as enzymes in these processes are 
constantly being produced. If the cycioheximide 
concentration is not replenished, its effects wear off, 
resulting in the synthesis of these vital proteins. Once 
these proteins are synthesized, the cells will begin to 
accumulate lipid, which is followed by melanization. 
On the other hand, if the cycioheximide level was 
maintained, melanization never occurred. The 
accumulation of lipid without melanin in these cells 
suggested that some lipid synthesis may proceed without 
producing melanin. Therefore, cycioheximide was 
inhibiting the synthesis of vital proteins which are 
utilized in the melanin pathway, but it does not 
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completely inhibit the synthesis of those which are 
needed in the metabolism of lipid. As a result of this, 
lipid accumulation finally occurs within cells but 
melanization never occurs. 
There have been many reports which have indicated 
that cycloheximide interferes with cellular processes 
other than protein synthesis. Brown et al. (1970) 
suggested that it had an effect on DNA synthesis in rat 
liver, while Viaw and Davis (1970) suggested that it had 
an inhibitory effect on RNA synthesis in Neurospora. 
Mayo et al., (1968) suggested that cycloheximide affected 
RNA synthesis in yeast, and Garber et al. (1973) reported 
that it interferred with respiration in rats and guinea 
pigs. Some of these investigators have suggested that 
these processes are inhibited because concurrent protein 
synthesis is required for their continuation (Mayo et 
al., 1968; Brov/n et al., 1970; Fakan, 1971; McMahon, 
1975). Therefore, there is the possibility that 
cycloheximide effects on lipid accumulation and 
melanization could be secondary and not by means of 
inhibition of synthesis of vital proteins which function 
as enzymes in their pathways or, on the other hand, it 
could be affecting proteins which exhibit a regulatory 
role. 
While the lower concentrations of cycloheximide 
78 
allowed microsclerotial development to occur as normal, 
the highest concentration (1 X 10 “ ^ M ) completely- 
inhibited it. This complete inhibition can be 
interpreted as a complete blockage of all de novo protein 
synthesis within the cells or blockage of the synthesis 
of those proteins which are vital for microsclerotial 
development. Conidiation was observed up to the third 
day while conidia were observed in the medium up to the 
seventh day. This is explained by the fact that the 
initial inoculum of conidia consisted of a heterogeneous 
population of conidia which contained conidia of various 
sizes. Therefore, one possibility is that the enlarged 
conidia could survive longer than the smaller ones due to 
the presence of a larger pool of proteins within them. 
These same conidia could germinate and produce conidia up 
to a certain point before their pools of protein were 
exhausted. This is evident by the observation that the 
size of conidia decrease daily until no viable conidia 
could be observed. 
The inhibition or delay in lipid accumulation and 
melanization during microsclerotial development by 
chloramphenicol indicates an active participation of 
mitochondria in microsclerotial formation since 
chloramphenicol is considered to be an inhibitor of 
mitochondrial protein synthesis (Vazquez, 1974; Saccone 
and Quagliariello, 1975). This study suggests that lipid 
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accumulation is required for the synthesis of melanin to 
occur. Thus, mitochondria may be indirectly involved in 
melanin synthesis by way of being converted to 
microbodies which probably play a role in lipid 
metabolism, as suggested by Novikoff et al., (1972) and 
Kagawa and Beevers (1975); and melanization as suggested 
by Swan (1973) and Gaskins and Mayfield (1979). 
The present study indicated that the initial 
concentration of chloramphenicol was turned over very 
rapidly. If it was added at day 1 but not at day 0, it 
had practically no effect on melanization. Observations 
suggested that during the first 24 hr of growth, the 
mitochondria of conidia synthesize important proteins 
which were directly or indirectly utilized in the 
processes of lipid metabolism and/or melanization. 
Therefore, it was vital that chloramphenicol be added 
daily to cultures to block the synthesis of these needed 
proteins. 
On the other hand, this work cannot definitely 
conclude that the effects of chloramphenicol, as well as 
those of cycloheximide are the results of their effect on 
protein synthesis, since radioactive labeling was not 
utilized to determine that protein synthesis had been 
inhibited. Therefore, the inhibition of lipid 
accumulation and melanization by these inhibitors could 
be that of effects other than inhibition of protein 
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synthesis. However, these results can be explained from 
the standpoint that protein synthesis is being inhibited, 
in view of the knowledge that chloramphenicol inhibits 
mitochondrial protein synthesis (Vazquez, 1974); Saccone 
and Quagliariello, 1975), while cycloheximide inhibits 
cytoplasmic protein synthesis (Van Etten et al., 1966; 
Baliga et al., 1969; McKeelian and Hardesty, 1969; 
Rajalakshmi et al., 1971). 
There are also many proteins which are utilized 
directly in the melanin pathway. These proteins function 
as enzymes such as reductases, dehydratases and oxidases 
(Tokousbalides and Sisler, 1979). It is possible that 
the blockage of the synthesis of any one of these enzymes 
could lead to an inhibition of melanin synthesis. This 
has been shown by studies on the various mutants of T9 
(Stipanovic and Bell, 1976). The albino mutant has a 
genetic block early in the melanin pathway. It is not 
able to produce the enzyme or enzymes needed to produce 
scytalone. Therefore, its MS remain hyaline or 
colorless. The brown mutants have a genetic block later 
in the melanin pathway (Bell et al., 1976). Stipanovic 
and Bell (1976) reported that the Brown I mutant was not 
able to synthesize a dehydratase which was needed for the 
conversion of scytalone to 1, 3, 8-THN, and vermelone to 
1, 8-DHN, while the brown II mutant was not able to 
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synthesize a reductase which was needed to reduce 1, 3, 
8-THN to vermelone. These examples indicated that the 
blockage of any one enzyme in the melanin pathway could 
block me1anization. Thus, it is suggested that 
cycloheximide and chloramphenicol are blocking the 
synthesis of vital proteins which play a role directly or 
indirectly in melanization. The blockage of a specific 
protein or proteins is not known. This is something that 
needs more work. 
The tricyclazole study was also important in that 
it supported the idea that the inhibition of a particular 
enzyme would inhibit melanization. This fungicide was 
first used in Verticillium studies by Tokousbalides and 
Sisler (1979). They demonstrated that 8 pg/ml of 
tricyclazole would inhibit melanization between 1, 3, 8- 
THN and vermelone, which resulted in the accumulation of 
scytalone. Thus, they could use tricyclazole to 
chemically produce cultures of T9 which resembled the 
brown mutant. 
It was also determined that tricyclazole had to 
be present to inhibit melanization. Experiments have 
been carried out which show that if tricyclazole was 
washed out of cultures through centrifugation and the 
cells placed in fresh PGAM, melanization occurred. This 
can be done even in older cultures that have already 
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begun to secrete scytalone into the medium. After 
washing the tricyclazole out, it took 24-48 hr before 
melanin appeared in and around the cell walls of these 
cultures. After 5 to 10 days of incubation these cells 
could not be distinguished from those grown in PGAM only. 
Their walls had become heavily pigmented from melanin 
deposits. 
It is not known how melanin is transported out to 
the cell wall and deposited. Bell et al. (1975) 
postulated that melanin was not transported out to the 
cell wall; however, its precursors were. They suggested 
that scytalone, a precursor of melanin was transported 
out to the cell wall before the final steps in 
melanization occurred. Some investigators such as Bikle 
et al. (1966) and McIntosh et al. (1969) indicated that 
microtubules could play a part in the movement of melanin 
or its precursors out to the cells surface. Howard and 
Aist (1980), using methyl benzimidazol-2-yl-carbamate 
(MBC), demonstrated that this compound disrupted 
microtubule formation in hyphae of Fusarium. Benomyl, a 
compound related to MBC was used in the current 
investigation to study its effects on melanization. 
Benomyl has also been reported by Richmond and Pring 
(1971) to interfere with mitosis in fungi. It is one of 
the systemic fungicides with which investigators have had 
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limited success in terms of controlling Verticillium wilt 
of crops. 
The observations that lower concentrations of 
benomyl did not affect microsclerotial development while 
higher concentrations did, indicate that as benomyl 
concentrations increased, certain metabolic processes 
were affected. The highest concentration used (1 ppm) 
inhibited germination of most of the conidia and the 
ones that did germinate did not conidiate. 
Microsclerotial development was affected at the cellular 
and subcellular levels. These observations agree with 
reports that benomyl interferes with mitosis in fungi as 
reported by Richmond and Pring (1971). They suggested 
that their observations were the results of benomyl's 
effects on microtubule formation. Microtubules were not 
observed in this study, but the same mechanism is 
probably working. 
Data reported in this thesis have demonstrated 
that the development of MS in dahliae is 
differentially responsive to various metabolic 
inhibitors. One can conclude that there are factors 
which appear to be needed only during early 
microsclerotial development, while other substances or 
their synthesis are required throughout the developmental 
process. It can also be concluded that the processes of 
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lipid accumulation and melanization are closely linked. 
These results suggest that further studies should be 
carried out to determine exactly which enzymes are being 
affected by chloramphenicol and cycloheximide. Other 
studies should be conducted in which benomyl is used in 
order to determine whether it is truly inhibiting the 
assembly of microtubules. Studies should also be carried 
out to determine whether tricyclazole is inhibiting the 
synthesis of the 1, 3, 8-THN reductase or is it merely 
inhibiting its action. 
CHAPTER VI 
SUMMARY 
The T9 strain of dah^jiae was grown in 
polygalacturonic acid medium. Microsclerotial 
development, which includes conidial germination and 
melanization, was studied by a combination of phase 
contrast and electron microscopic techniques. Samples 
were taken at 24 hr intervals up to sixteen days and 
prepared for phase contrast or electron microscopic 
observations. Chloramphenicol, cycloheximide, benomyl 
and tricyclazole were used and their effects on conidia 
germination, microsclerotial development and melanization 
determined. 
Chloramphenicol was shown to inhibit melanization 
at 2 X 10“^M. It exhibited effects on microsclerotial 
development, such as inhibition of lipid accumulation 
and melanization. At the ultrastructural level, it 
appeared to reduce the number of mitochondria present. 
Cycloheximide also exhibited affects on the metabolic 
processes of lipid accumulation and melanization. It is 
suggested that these inhibitors of protein synthesis are 
inhibiting the synthesis of vital enzymes that are needed 
for lipid metabolism and melanization. 
Benomyl, which has been reported to interfere 
with mitosis in fungi by inhibiting microtubule 
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formation, altered conidia germination at 1 ppm. At this 
concentration, this fungicide also inhibited conidiation. 
Lower concentrations allowed conidiation but at a reduced 
rate. 
Tricyclazole, a systemic fungicide which actively 
inhibits melanizat ion, was used to study MS in the 
absence of melanin. Tricyclazole did not exhibit an 
apparent affect on conidiation or microsclerotial 
development. It was observed that it did not matter 
which day tricyclazole was administered, it still 
inhibited melanization. 
The overall investigation suggests that lipid 
metabolism is a vital step in MS development, which is 
followed by melanization. If its accumulation is 
inhibited or delayed, the process of melanization will be 
inhibited or delayed. The results of the inhibitor 
studies support this idea. These studies also support 
the idea that tricyclazole is a valuable tool which can 
be used to study melanization and microsclerotial 
development. 
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